AUTOMATIC REFERENCE VOLTAGE REGULATION IN A MEMORY 

DEVICE 

Related Application 

[0001] This Application is a Continuation of U.S. Application Serial No. 

10/298,830 filed November 18, 2002, which is incorporated herein by reference. 

Background OF THE Invention 
L Field OF THE Invention 

[0002] The present invention relates generally to reference voltage adjustments and 
particularly to adjustment of a reference voltage in a memory device. 

11. Description OF THE Related Art 

[0003] Memory devices are typically provided as internal storage areas in computers. 
The term memory identifies data storage that comes in the form of integrated circuit 
chips. There are currently ihany different types of memory. 

[0004] One type is random access memory (RAM). This is typically used as the main 
memory in a computer system. RAM refers to memory that can be both written to and ' 
read from. This is in contrast to read only memory (ROM) that permits data to only be 
read. Most RAM is volatile meaning that it requires a steady flow of power to maintain 
its contents. When power is turned removed, the data in RAM is lost. 

[0005] An electrically erasable progranmiable read-only memory (EEPROM) is a 
special type of non-volatile ROM that can be erased a byte at a time by exposing it to an 
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electrical charge. EEPROMs comprise a large number of memory cells having electrically 
isolated gates (floatmg gates). Data is stored in the memory cells in the form of a charge 
on the floating gates. The charge is transported to or removed from the floating gates by 
progranmiing and erase operations, respectively. 

[0006] A flash memory is a type of EEPROM that can be erased and reprogranmied 
in blocks instead of one byte at a time. A typical flash memory device comprises a 
memory array that includes a large number of memory cells arranged in row and column 
fashion. Each of the memory cells includes a floating gate field-effect transistor capable 
of holding a charge. The cells are usually grouped into blocks. Each of the cells within a 
block can be randomly programmed by charging the floating gate. The charge can be 
removed from the floating gate by a block erase operation. The data in a cell is 
determined by the presence or absence of the charge in the floating gate. 

[0007] Some EEPROM and flash memory devices require an internal reference 
voltage that is used to determine when certain cells are programmed. Each cell is coupled 
through a bit line (also known as a column) to a sense amplifier. When the particular cell 
is accessed through the row and colunm signals, that cell is coupled to one input of the 
sense amplifier. The other input of the sense amplifier is connected to the reference 
voltage (Vref). The difference between the two voltages determines if the cell has been 
programmed. Vref, therefore, must be an accurate voltage since the difference may come 
down to tenths of volts. 

[0008] A memory device etched into a die may have slightly different properties than 
the same circuit etched into second die. Vref on each of these two dies may differ by a 
couple tenths of volts. In order to maintain consistent results and high quality, these 
voltages need to be made consistent. 

[0009] One way that has been used to adjust Vref is with a trim adjustment circuit. A 
typical prior art trim adjustment circuit 100 is illustrated in Figure 1. This circuit 100 is 
included on the die with the memory circuitry. 
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[0010] The trim adjustment circuit 100 is connected to an extemal test device through 
the integrated circuit's data bus 101. The test device transmits data over the bus 101 to 
instruct the circuit 100 to change the resistance of the trim circuit 122 in order to change 
the reference voltage generated by the Vref voltage circuit 125. 

[0011] The test device sends four bits of data over the bus 101 that is converted to 
complementary data prior to being input to the ckcuit 1 00. This data and their 
complementary signals are shown as FLO, FLO*, FLl, FLl*, FL2, FL2*, FL3, and FL3*. 
The data is input through fuse latches 103 - 106 to a fuse decoder 120. The fuse decoder 
120 decodes the data to correspond to one of sixteen decode lines (i.e., dO ~ dl5) 
connecting the decoder 120 to the trim circuit 122. 

[0012] The decode lines select one of sixteen possible resistor combinations in the 
trim circuit 122 that is coimected to the reference voltage circuit 125. The output voltage 
from the reference voltage circuit 125 is connected to the extemal test device in order to 
measure the Vref that is generated with a particular combination of resistors in the trim 
circuit 122. 

[0013] One problem with the prior art device of Figure 1 is that the test device has to 
load a data value, measure the generated reference voltage, and determine if that voltage 
is correct. This may have to be repeated for all sixteen possible data combinations (i.e., 
0000 - 1 1 1 1) in order to^find the proper combination of resistors to generate the desired 
Vref. These steps have to be repeated for each individual die in a serial fashion in order to 
achieve maximum Vref accuracy. Such time consuming procedures cost the integrated 
circuit manufacturer valuable production time. There is a resulting need in the art for a 
quicker way to adjust an integrated circuit's reference voltage. 

Summary 

[0014] The present invention encompasses a reference voltage adjustment circuit 
comprising a counter circuit that generates a count signal. A decoder circuit is coupled to 
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the counter circuit. The decoder circuit decodes the count signal to generate a resistance 
selection signal. The resistance selection signal is input to a resistor network that 
generates a resistance value in response to the resistance selection signal. The resistance 
value is coupled to a reference voltage circuit that generates an updated reference voltage 
in response to the resistance value. 

[0015] In one embodiment, the updated reference voltage is compared to a reference 
voltage provided from an extemal source. If the two voltages are substantially equal, the 
counter circuit is disabled. 

Brief Description of the Drawings 
[0016] Figure 1 shows a schematic diagram of a typical prior art Vref adjustment 
circuit. 

[0017] Figure 2 shows a diagram of one embodiment of a reference voltage circuit 
with automatic trim adjustment of the present invention. 

[0018] Figure 3 shows a diagram of a divide by 2, master/slave flip flop and fuse 
latch circuit in accordance with one embodiment of the present invention. 

[0019] Figure 4 shows a diagram of a trim fuse decoder circuit in accordance with 
one embodiment of the present invention. 

[0020] Figure 5 shows a schematic diagram of a resistive trim circuit in accordance 
with one embodiment of the present invention. 

[0021] Figure 6 shows a schematic diagram of a comparator circuit in accordance 
with one embodiment of the present invention. 

[0022] Figure 7 shows a block diagram of one embodiment of a memory system of 
the present invention. 

[0023] Figure 8 shows a flowchart of one embodiment of an automatic reference 
voltage adjustment method of the present invention. 
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Detailed Description 
[0024] The embodiments of the automatic trim circuit of the present invention 
provide a way to automatically adjust a reference voltage, Vjef. Only an extemal reference 
voltage and a clock are required to cause a counter to step through each trim circuit 
resistor combination until the proper Vrcf is measured with an internal comparator and the 
counter stopped. 

[0025] Figure 2 illustrates a logic diagram of one embodiment of a reference voltage 
circuit with automatic trim adjustment 200 of the present invention. The circuit 200 uses 
four divide-by-2 fuse latch circuits 201 - 204 that, together, act as a four-bit counter 
circuit. Each divide-by-2 fuse latch circuit 201 - 204 incorporates a master/slave flip-flop 
as well as a fuse latch circuit. The divide-by-2 fuse latch circuit of the present invention is 
described subsequently in greater detail with reference to Figure 3. 

[0026] The divide-by-2 fiise latch circuits 201 - 204 are clocked by an extemal clock 
signal source that is provided through a clock pad 207 or some other type of extemal 
connection. The clock signal clocks the first divide-by-2 fuse latch circuit 201 through 
two NOR gates 213, 214 that, as discussed later, enable/disable the clock to the counter 
circuit at the appropriate-time. An inverter 225 generates a complementary clock signal, 
CLK*. Together, CLK and^CLK* generate FLO and FLO*, respectively, from the first 
divide-by-2 fuse latch circuit 201. 

[0027] The second divide-by-2 fuse latch circuit 202 is clocked by the Q and Q* 
signals of the first divide-by-2 fuse latch circuit 201. These signals are input to two NOR 
gates 215, 216 that provide the enable/disable function. The second divide-by-2 fiise latch 
circuit 202 generates the FLl and FLl* signals. 

[0028] The third divide-by-2 fuse latch circuit 203 is clocked by the Q and Q* signals 
from the second divide-by-2 fuse latch circuit 202. These signals are input to two NOR 



Atty Docket No. 400.203US02 



5 



Client Ref. 2002-0904.01/US 



gates 217, 218 that provide the enable/disable function. The third divide-by-2 fuse latch 
circuit 203 generates the FL2 and FL2* signals. 

[0029] The fourth divide-by-2 fuse latch circuit 204 is clocked by the Q and Q* 
signals from the third divide-by-2 fiise latch circuit 203. These signals are input to two 
NOR gates 219, 220 that provide the enable/disable function. The fourth divide-by-2 fuse 
latch circuit 204 generates the FL3 and FL3* signals. 

[0030] The FLO, FLl , FL2, FL3 signals and their complements (i.e., FLO*, FLl *, 
FL2*, FL3*) are input to a fuse decoder circuit 245. The fuse decoder circuit 245 
performs a decode operation on these signals to generate a signal on onie of sixteen 
outputs (dO - dl5) to the trim circuit 240. In one embodiment of the operation of the fuse 
decoder 245, if the FL inputs are 0001, the fuse decoder 245 generates a logical high 
signal on the "dr* output. Similarly, if the FL inputs are 0010, the fuse decoder 245 
generates a logical high signal on the "d2" output. The operation of the fuse decoder 
circuit 245 is described subsequently in greater detail with reference to Figure 4. 

[0031] The trim circuit 240 accepts the dO - dl5 outputs of the fuse decoder 245 and 
generates different resistance values depending on the logic levels of dO - dl5. The 
operation of the trim circuit 240 is described subsequently in greater detail with reference 
to Figure 5. 

[0032] The different resistance values from the trim circuit 240 are coupled to the Vrcf 
reference voltage circuit 235. The resistance values from the trim circuit 240 are used by 
the reference voltage circuit 235 to generate V^f. Therefore, as the resistance values 
change, the voltage levels generated by the reference voltage circuit 235 also change. The 
output of the reference voltage circuit 235 is used by the various circuits of the integrated 
circuit as the internal V^f. The output of the reference voltage circuit 235 is also input to a 
voltage comparator 230. 

[0033] The voltage comparator 230 compares Vrcf from the reference voltage circuit 
235 with an external V^f voltage provided to the circuit through an external Vrcf pad 205 
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or other such connection. When the circuit is enabled, (External Reference Enable = 
"high") and Internal V^f is lower than External Vref, the output of the comparator 230 is a 
logical high state and provided as input in a logical low state through NAND 226 to the 
NOR gates 213 - 220. The logical low level from the NAND gate 226 enables the 
clocking signal to the divide-by-2 fuse latch circuits 201 - 204. 

[0034] When the two input voltages are substantially equal or Internal Vjcf is higher 
than External Vref, the output of the comparator 230 goes to a logical low state. This 
output is input, through a NAND gate 226, to the NOR gates 213 - 220 at the clock 
inputs of the divide-by-2 fuse latch circuits 201 - 204. The logical high signal from the 
NAND gate 226 disables the clocking signals to the divide-by-2 fiise latch circuits 201 - 
204. 

[0035] In operation, the automatic trim adjustment circuit 200 of the present 
invention is enabled by an external reference enable signal 260. When the external 
reference enable signal 260 is at a logical low level, the automatic trim adjustment circuit 
200 is disabled. When the external reference enable signal 260 is at a logical high level, 
the circuit 200 is enabled. 

[0036] The external reference enable signal 260 is input, through an inverter 21 1, to 
two transmission gates 209, 210. The external reference enable signal 260 is input to the 
NAND gate 226. When !he signal 260 is low, the output of the NAND gate 226 is high 
and all the connections between the Q/Q* and clk/clk* between the divide-by-2 fuse latch 
circuits 201 -204 are interrupted by putting the outputs of the NOR gates 213 - 220 to a 
low logic level. One transmission gate 209 allows the external Vref signal to pass when it 
is enabled. The second transmission gate 210 allows the external clock signal to pass 
when it is enabled. The output of the inverter 21 1 is connected to the gate of transistor 
254. The drain of 254 is connected to 210 and 225 and the source of 254 is connected to 

Vss. 
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[0037] The external reference enable signal 260 is also input to an external Vref 
enable output signal generator 213 that generates a reset signal to the divide-by-2 fuse 
latch circuits 201 - 204. Since these circuits 201 - 204 may be in an unknown state 
initially, they should be reset to 0000. hi one embodiment, the generated reset signal is a 
short logical high pulse that is generated by a one-shot circuit. One example of such a 
short pulse is a 2 ns pulse. Altemate embodiments use other duration pulses to reset the 
circuit. Still other embodiments may use a logical high or a logical low signal to reset the 
circuit. 

[0038] After the counter circuit has been reset to 0000, the external clock signal 
causes the counter circuit to count from 0000 to 1 11 1 . The FL and PL* outputs of the 
divide-by-2 fuse latch circuits 201 - 204 are input to the fuse decoder 245 that then 
decodes these signals to produce a logical high signal on the appropriate dO - dl5 output 
of the decoder 245. In an altemate embodiment, the fuse decoder 245 generates a logical 
low signal on one of the dO - dl5 outputs. In such an embodiment, the trim circuit 240 
must be configured to accept the logical low signal in the same way that the logical high 
signal is used. 

[0039] The trim circuit 240 changes the resistance value available to the reference 
voltage circuit 235 in response to the dO - dl5 inputs. Therefore, as the counter goes 
through its range of 0000 to 1 1 1 1, the intemal reference voltages generated by the 
reference voltage generator change. 

[0040] These updated intemal reference voltages are input to the comparator 230 to 
- be compared to the external Vref. The circuit in Figure 2 will produce, after a reset, an 
intemal Vref that is smaller than the external Vref. Under this condition the output of the 
comparator 230 is high and the output of the NAND gate 226 is low. The NOR gates 213 
- 220 allow the external clock to access the divide-by-2 fuse latch circuits 201 - 204 to 
act as a counter. Every new external clock cycle increases the intemal Vref level through 
the new trim created by the new FLO - FL3 combination. 
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[0041] Once the two voltage levels are at least substantially equal, the comparator 
outputs a high to low signal that is inverted by the NAND gate 226 and input to one of the 
inputs of each NOR gate 213 - 220. This shuts off the clock signal to the divide-by-2 fuse 
latch circuits 201 - 204 so that the reference voltage circuit 235 generates the appropriate 
Vref voltage. In one embodiment, the final updated internal reference voltage may 
slightly exceed the external Vref. 

[0042] The final count values for FLO - FL3, as well as the complementary FLO* • 
FL3*, that generated the appropriate Vref are latched into the fiise latches of the divide-by- 
2 fuse latch circuits 201 - 204. Since these values will disappear once power is removed, 
they are permanently programmed into flash fiises 250 - 253 that act as memory to store 
the final count values. The flash fuses 250 - 253 in Figure 2 are for purposes of 
illustration only. Other types of non-volatile fuses can be used. 

[0043] The FLO - FL3 values are programmed into the flash fuses 250 - 253 with a 
program signal. This process is well known in the art and is not discussed further. 

[0044] When the integrated circuit that has the automatic trim adjustment circuit 200 
of the present invention is powered back up at a later time, a recall signal is sent to the 
flash fuses 250 - 253 to recall the stored data from the flash fuses 250 - 252 into the fuse 
latches 301 which are part of divide-by-2 201 - 204 fuse latch circuits (see Figure 2 and 
Figure 3). The FLO - FL3 values transferred from the flash fuses 250 - 253 into the fuse 
latches 301 are the inputs to the fuse decoder 245. After this fuse recall operation, the 
flash fuses are electrically disconnected from the fuse latches 301. As discussed 
previously, this sets the appropriate resistance for this particular die, thereby setting an 
accurate value for the internal Vref signal. 

[0045] While the embodiment of Figure 2 shows an external clocking signal being 
applied to an external clock pad 207, an alternate embodiment uses an internally 
generated clock signal. For example, a crystal oscillator coupled to a clock signal 
generation circuit may be used to generate the clock signal for the counter circuit. 
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[0046] Figure 3 illustrates a schematic diagram of a divide-by-2 fuse latch circuit 201 
of Figure 2. Each of the divide-by-2 fuse latch circuits of Figure 2 is substantially similar 
to the diagram of Figure 3. 

[0047] The reset pulse that is described above resets the circuit 201 . The reset pulse 
turns on two reset transistors 314, 315 that bring the latch portions 301, 302 of the circuit 
to ground. This zeroes the latches 301, 302 so that FL = "low*\ Since the reset pulse is 
short, these transistors 314, 315 are only "on" for a short time (e.g., 2 ns) before they are 
turned off and the circuit is allowed to operate. 

[0048] After the reset pulse, the CLK and CLK* signals begin to clock two clock 
transistors 307, 309. As each clock pulse goes high, the respective transistor 307, 309 is 
tumed on which causes the latch circuits 301, 302 to change states. This generates FL and 
FL* in the fiise latch portion 301 of the circuit 201. The Q and Q* outputs are generated 
through inverters 320, 321 off the FL signal of the fuse latch 301. 

[0049] The divide-by-2 fuse latch circuit of Figure 3 is for purposes of illustration 
only. Alternate embodiments may perform the same function of this circuit using 
different circuit elements. The present invention is not limited to any one circuit to 
perform this function. 

[0050] Figure 4 illustrates a logic diagram of one embodiment of the fuse decoder 
245 of Figure 2. This circuit 245 is comprised of sixteen NAND gates 401 - 416 that each 
has an output coupled to an inverter 417 - 432, thus forming a logical AND function. The 
outputs of the inverters 417 - 432 are the dO - dl5 outputs of the fiise decoder 245. This 
circuit provides a logical high output on one of the dO - dl5 lines in response to the 
binary input on the FL data lines. 

[0051] As an example of operation of the fiise decoder 245, if the FL data (FLO - FL3 
and FLO* - FL3*) is received as 1000, the combination of NAND gate 402 and inverter 
418 produces a logical high on output dl. Similarly, FL data of 0100 produces a logical 
high on output d2. 
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[0052] The fuse decoder circuit 245 of Figure 4 is for purposes of illustration only. 
The functional equivalent of this circuit may be used that does not require the logic 
elements or the configuration shown. 

[0053] Figure 5 illustrates a schematic diagram of the trim circuit 240 of the present 
invention as illustrated in Figure 2. This circuit is comprised of sixteen transistors 501 - 
516 each with an associated resistor 520 - 535 of a series resistor network. The drain of 
the transistor 501 - 5 16 is connected to one side of the associated resistor 520 - 535 
while the source of the transistor is connected to the circuit ground. In one embodiment, 
the resistors 520 - 535 are each Ik Ohm. Alternate embodiments use other resistance 
values. In still other embodiments, the resistance values are not equal. 

[0054] The trim circuit operates by receiving a logical high input on one of the dO - 
dl5 lines. This turns on that particular transistor 501 - 516, thus shorting the node to 
which it is connected to circuit ground and bypassing any remaining resistors. 

[0055] For example, if dO was received as a logical high (or low if the fuse 
decoder/trim circuit were configured that way), the first transistor 501 would turn on and 
short the trim output directly to ground. This would give an output on the trim output line 
close to 0 Ohm since no resistors are connected in series with the trim output and the 
circuit ground. 

[0056] If d5 was received as a logical high, the fifth transistor 506 would turn on and 
short that particular node to ground. This would bypass resistors 525 - 535 and leave 
resistors 520 - 524 as connected in series between the trim output and circuit ground. The 
total resistance value that would be connected to the trim output would then be the 
combination of the resistance values for resistors 520 - 524 or 5k Ohm in this particular 
embodiment. 

[0057] The trim circuit 240 of Figure 5 is for purposes of illustration only. The 
functional equivalent of this circuit may be used that does not require the circuit elements 
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or the configuration shown. In other embodiments the resistors can be replaced by other 
electronic components such as transistors or diodes. 

[0058] Figure 6 illustrates a schematic diagram of one embodiment for a voltage 
comparator circuit 230 of Figure 2. The comparator has two inputs, in.ninv and injnv. 
The in_ninv input is connected to the external V^f. The internal Vref is connected to the 
in_inv input. Both of these connections are illustrated in Figure 2. 

[0059] Two transistors 601 , 603 form a voltage divider to bias transistor 605. The 
biasing value of this transistor 605 is approximately 200 millivolts over the threshold 
voltage of the transistor 605. Therefore, the current that flows through this transistor 605 
is constant and independent of the values of the two inputs of the comparator. This keeps 
the differential between the two input branches of the comparator at a constant level. In 
other words, when the current through the branch with transistors 609 and 613 increases, 
the current through the branch with transistors 607 and 61 1 decreases. 

[0060] When the counter circuit of Figure 2 is initialized, the internal Vref is less than 
the external V^f. Under this condition, the "out" of the comparator is high. After a 
number of clock cycles, the trim adjustment causes the internal Vjef to equal or maybe 
slightly exceed the extemal Vjcf. When this occurs, the "out" of the comparator goes from 
high to low. 

[0061] The voltage comparator circuit 230 of Figure 6 is for purposes of illustration 
only. The functional equivalent of this circuit may be used that does not require the circuit 
elements or the configuration shown. 

[0062] Figure 7 is a functional block diagram of a flash memory device 700 of one 
embodiment of the present invention that is coupled to a processor 710. The flash 
memory device 700 and the processor 710 may form part of an electronic system 720. 
The flash memory device 700 has been simplified to focus on features of the memory that 
are helpful in understanding the present invention. 
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[0063] The flash memory device includes an array of memory cells 730. The memory 
cells are non-volatile floating-gate memory cells. The memory array 730 is arranged in 
banks of rows and colunms. 

[0064] An address buffer circuit 740 is provided to latch address signals provided on 
address input connections AO- Ax 742. Address signals are received and decoded by a row 
decoder 744 and a colunm decoder 746 to access the memory array 730. It will be 
appreciated by those skilled in the art, with the benefit of the present description, that the 
number of address input connections depends on the density and architecture of the 
memory array 730. That is, the number of addresses increases with both increased 
memory cell counts and increased bank and block counts. 

[0065] Additional bank address lines 782 are used to access the different banks of the 
memory array 730. In one embodiment of the present invention, there are four memory 
banks. In such an embodiment, two bank address lines, BAl and BAO, are required to 
activate each memory bank. For example, if memory bank 3 is desired to be activated, 
from memory banks 0, 1, 2, and 3, then BAl = 1 and BAO = 1. If a memory embodiment 
has different quantities of memory banks, different quantities of bank select lines will be 
required. 

[0066] The flash memory device 700 reads data in the memory array 730 by sensing 
voltage or current changes in the memory array colunms using sense/latch circuitry 750. 
The sense/latch circuitry, in one embodiment, is coupled to latch a row of data from the 
memory array 730. Data input and output buffer circuitry 760 is included for 
bi-directional data communication over a plurality of data (DQ) connections 762 with the 
processor 710. Write circuitry 755 is provided to write data to the memory array. 

[0067] A command control circuit 770 decodes signals provided on control 
connections 772 from the processor 710. In one embodiment, the control circuit 770 is 
comprised of a state machine that executes the functions of the memory array 730, 
including data read, data write, and erase operations. The state machine may also be 



Atty Docket No. 400.203US02 



13 



Client Ref. 2002-0904.0 1/US 



responsible for executing the functions required for either the virtual synchronous flash 
memory function or the synchronous flash memory function, depending on the control 
word. 

[0068] The reference voltage circuit with automatic trim adjustment 200 of the 
present invention is connected to an outside Vref connection and clock. The enable signal 
for the circuit 200 may come from the processor, external test device, or the internal 
control circuitry 770. 

[0069] In the embodiment illustrated in Figure 7, the processor 710 generates the 
address, data, and control lines to the memory device 700. Alternate embodiments may 
use other controllers to generate these signals in an electronic system 720. Additionally, 
the memory device 700 may be coupled to something other than a controller or processor 
that generates the address, data, and control signals. 

[0070] The flash memory device illustrated in Figure 7 has been simplified to 
facilitate a basic understanding of the features of the memory. A more detailed 
understanding of intemal circuitry and functions of flash memories are known to those 
skilled in the art. 

[0071] Figure 8 illustrates a flow chart of one embodiment for a reference voltage 
adjustment method of the present invention. The circuit is enabled 801 and reset to a 
known state 803. In one embodiment, the known state is 0000. Alternate embodiments 
reset the circuit to other states. 

[0072] The counter circuit is clocked 805 in order to generate the clock count signal 
that is input to the fuse decoder circuit. The fuse decoder circuit decodes the count 807 
and outputs a selection signal to the trim circuit. The trim circuit adjusts the trim 
resistance in response to the selection signal 809. 

[0073] In an embodiment where the trim circuit is made up of components other than 
a resistor network, the selection signal selects the proper components that would cause 
the trim circuit to generate a voltage selection signal. The voltage selection signal would 
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be used by the reference voltage circuit to generate a different, predetermined internal 
reference voltage. 

[0074] The reference voltage circuit uses the new trim resistance to generate an 
updated reference voltage 811. The updated reference voltage is compared to an external 
reference voltage to determine if they are substantially equal 813. If the two voltages are 
equal, the counter is disabled 815 and the count is stored for future use 817. If the 
voltages are not equal, the counter continues with the next count value 805. 

[0075] In sunmiary, the embodiments of the present invention provide a quick way to 
perform Vref trim adjustment by eliminating test operations like data loading into latches 
and test reads of the intermediate Vref values. The present invention perawts different trim 
adjustments for each die of a wafer in the same parallel testing cycle. The present 
invention also eliminates the connection to the data bus thus permitting the circuit to be 
placed on the die independent of the data bus. If the circuit can be placed closer to the Vref 
source, noise immunity may be improved. 

[0076] Numerous modifications and variations of the present invention are possible 
in light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described 
herein. 



Atty Docket No. 400.203US02 



15 



Qient Ref. 2002-0904.01/US 



